The article presents an annotated list of microalgal species in the coastal waters off Russky Island (Sea of Japan) based on original and literature data. A total of 254 taxa of microalgae from ten classes are identified. Descriptions and photographic illustrations are provided for the diatom species of the genus Skeletonema and prymnesiophyta Pseudohaptolina sorokinii, which are rare in the seas of Russia. Information on 20 species of potentially toxic microalgae observed in the study area is also provided. 
Phytoplankton in the Coastal Waters of Russky Island, Peter the Great Bay, Sea of Japan
Russky Island is located in Peter the Great Bay of the Sea of Japan, near the southern tip of the Muravyov-Amursky Pe ninsula. The island is washed by the waters of Amur Bay in the west and Ussuri Bay (both are smaller subordinate bays in Peter the Great Bay) in the east and in the south. The bays are connected by the Eastern Bosphorus Strait bor dering Russky Island in the north. Amur Bay is one of the most studied areas of the northwestern Sea of Japan. More than 30 papers dealing with the research of phytoplankton from Amur Bay have been published since the beginning of the last century. The results of an almost hundred-yearlong study of microalgal flora in this bay are summarized by Orlova et al. (2009) . The phytoplankton of Ussuri Bay is significantly less studied; there are only two publications pro viding data on investigation of microalgae from this bay (Se li na 1988 , Begun 2004 .
Species composition and abundance of phytoplankton are widely used for the assessments of the human impact on water areas and may serve as ecosystem indicators due to the ability of microalgae to promptly respond to changes in the aquatic environment (Cloern & Jassby 2010) . The upcoming necessity to evaluate the anthropogenic pressures on the coastal waters off Russky Island makes inventorying the flora of this water area timely and relevant.
The purpose of our study was to summarize the data on the long-term research of phytoplankton from the coastal waters of Russky Island, as well as to compile a floral list with quan ti tative characteristics of each taxon for different seasons.
M A T E R I A L A N D M E T H O D S Environmental conditions of the study area
The climatic conditions of the northwestern part of Russky Island differ from those in its southeastern part facing the open sea. During the summer monsoon period the southeastern part of the island is often exposed to fogs and colder than the northwest part. Most precipitation falls in summer. The mean air temperature ranges from 0°C to -12°C in winter and from 14°C to 21°C in summer. During winter, the temperature of the coastal waters off the island falls down to -1.9°C; the water reaches its highest temperature, up to 25°C, in August. Freeze-up usually begins in mid December; the coastal strip of the sea off Russky Island is covered with ice up to 1 m and more thick until the middle of March.
Data sampling and analysis
Phytoplankton was sampled in the coastal waters of Us su ri Bay and Peter the Great Bay around Russky Island (Fig. 1, Table 1 ). In 2007 and 2008, sampling was conducted with the research vessel Larga; in 2012-2015, sampling was carried out by the research team of the Primorsky Aquarium, Branch of the National Scientific Center of Marine Biology, Far Eastern Branch of the Russian Academy of Sciences (NSCMB FEB RAS), at the monitoring stations. In winter, phytoplankton was sampled through a hole drilled in the sea ice. Samples were taken with a 5-liter Niskin bottle from the surface horizon. One liter of the sample was fixed with Utermöhl's solution and concentrated by sedimentation (Utermöhl 1958 , Sukhanova 1983 . The material was exa mined in a Nageotte counting chamber with a volume of 0.05 mL. A total of 497 phytoplankton samples were studied.
Microalgae were identified under a light microscope Olym pus BX 41 (LM). The fine structure of valves was examined with a transmission electron microscope JEM-100 JEOL S (TEM) and a scanning electron microscope Carl Zeiss Leo 430 (SEM). Material for TEM was prepared according to the standard procedure (Hasle & Fryxell 1970 , Shevchenko & Ponomareva 2015 . Algae were considered to be blooming at concentrations exceeding 10 6 cells/L (Colijn 1992) .
In this article we use the taxonomic classification proposed by Guiry & Guiry (2012) . Species within the classes are alphabetically ordered (Table 2 ). The synonymy given here reflects all nomenclatural changes made since 2008.
R E S U L T S
The original studies resulted in an annotated list of phy to plan kton from the coastal waters of Russky Island. The list provides information on 254 species and intraspecific ta xa of microalgae from ten classes ( Table 2 ). The highest spe cies diversity was recorded for Bacillariophyceae (133 spe cies and 5 intraspecific taxa) and Dinophyceae (109). Other clas ses were represented by smaller numbers of species: Eug le noidea, 4; Dictyo chophyceae, 4; Chlorophyceae, 3; Cryp tophy ceae, 2; Cyanophyceae, 2; Chrysophyceae, 1; Eb rio phyceae, 1; and Prymnesiophyceae, 1 spe cies. Among dia toms, the genus Chaetoceros was the richest in species (39 spe cies and intraspecific taxa); among dinoflagellates, the ge nus Protoperidinium had the greatest variety of species (32 species).
During the study period, such species of plank tonic mic ro algae as Pseudohaptolina sorokinii of the Prymnesiophycea and diatoms of the genus Ske letonema, which are rare in the seas of Russia, were recorded. When exa mi ning colonies of Skeletonema with electron mic ro -scopy, we iden ti fied S. cos ta tum, S. dohrnii, S. gre thae, S. japonicum and S. marinoi (Figs 2, 3) . The ar ticle provides des criptions of the species of the genus Skeletonema and Pseudohaptolina sorokinii from the study area. (Greville) Cleve, 1873 ( Fig. 2: A, B) Description. Cells cylindrical, 9-12 µm in diameter, joined into colonies by long straight fultoportula processes. Valves circular, slightly convex in the center, strongly sili cified. Each fultoportula process with a large pore at its base. The intercalary fultoportula processes differ in shape from the terminal ones. The rimoportula is located inside the ring of the fultoportula processes in intercalary and termi nal valves.
Distribution. Its distribution in the World Ocean needs to be clarified. The species is reliably reported from along the coast of Hong Kong Island (Greville 1866) , Northern Queens land (Australia); in the Atlantic Ocean it occurs in the coastal waters of the USA, Uruguay, Brazil (Sarno et al. Kooistra et al. 2008 ). In the Sea of Japan the species is known from off Kyushu Island (Yamada et al. 2010) . Skeletonema dohrnii Sarno et Kooistra 2005 (Fig. 2: C-E) Description. Cells cylindrical, 2.7-10.8 µm in diameter, forming slightly curved colonies of 2-104 cells; with 1-2 chlo roplasts per cell. Valves circular, slightly convex. Fulto portula processes straight, 6 to 29 on each valve. Termi nal fultoportula processes widened, with denticles along the margin. The intercalary rimoportula process in the shape of a narrow low tube; situated near the valve margin. The terminal rimoportula process located close to the valve center.
Distribution. Widely distributed in the World Ocean, main ly in the temperate zone of the Pacific Ocean (from 52°N to 39°S); absent in tropical waters , Kooistra et al. 2008 ). In the Sea of Japan first recorded from off the coast of Japan in Dokai Bay (Yamada et al. 2010) . (Fig. 2: F-H Distribution. Off the coast of Brazil and in Narragansett Bay (the Atlantic Ocean) , Bergesch et al. 2009 ). Skeletonema japonicum (Fig. 3: A-C) Description. Cells cylindrical, 3.0-7.6 µm in diameter, with 2-4 chloroplasts per cell, joined into straight colonies of 3 to 23 cells. Valves circular, slightly convex. Intercalary ri moportula process in the form of a narrow short tube; situ ated near the valve margin. Terminal rimoportula process is a long, distally widened tube located close to the center. Ful toportula processes straight, long, 6 to 37 on each valve. Ter minal fultoportula processes slightly widened distally, with dentate margins.
Skeletonema grethae
Distribution. Mainly in the temperate zone of the Paci fic Ocean and in the tropical upwelling zones (Kooistra et al. 2008 ). In the Sea of Japan it is found along the Korean Pe nin sula (Kooistra et al. 2008) and Kyushu Island (Yamada et al. 2010) . (Fig. 3: D-F) Description. Cells cylindrical, 2.0-7.0 μm in diameter, with 1-2 chloroplasts per cell, united into straight or slightly cur ved colonies of 15 to 30 cells. Valves rounded, slightly con vex. The intercalary rimoportula process is a short nar row tube located close to the center of the valve. The ter mi nal rimoportula process in the shape of a long tube flared distally; located close to the center of the valve. Fulto portula processes straight, long, 7 to 11 on each valve. Ter minal fultoportula processes strongly widened distally.
Skeletonema marinoi
Distribution. This cosmopolitan species, absent in the Antarctic waters, is reported from latitudes between 08ºS and 58ºN (Koostra et al. 2008 ). In the Sea of Japan it occurs off the coast of Japan in Dokai Bay (Yamada et al. 2010) .
Pseudohaptolina sorokinii Stonik, Efimova et Orlova 2016 (Fig. 3: G-I) Description. Cells rounded, 13-20 μm in diameter. Two flagella and one haptonema are of approximately equal length. Each cell contains four large chloroplasts, which can be well seen particularly at the moment when the cell dies.
Distribution. Amur Bay (the northwestern Sea of Japan) (Orlova et al. 2016 ).
Algal bloom of Pseudohaptolina. sorokinii and Skeletonema japonicum was documented in the coastal waters of Russky Island for the first time. Diatoms Asteromphalus flabellatus, Liriogrammas arcophagus and dinoflagellates Dinophysis arctica, Gymnodinium elongatum, Protoperidinium divaricatum were first reported from the northwestern Sea of Japan; their abundance did not exceed 1×10 3 cells/L. A total of 20 species of potentially toxic microalgae were identified from the study area (Table 2) . Diatoms of the genus Pseudonitzschia, as well as dinoflagellates of the ge ne ra Alexandrium, Dinophysis and Prorocentrum were present in the phytoplankton all year round. Dinoflagellates Amphidinium operculatum, Alexandrium ostenfeldii and Pro ro cent rum foraminosum, in low concentrations, were observed in different seasons of the year; each of the species was re ported once. The other species of potentially toxic microalgae were recorded mainly in summer.
D I S C U S S I O N
The phytoplankton of the Ussuri Bay, before this stu dy, was known only from Selina (1988) , who carried out research from April to September of 1983 and provided the list of 80 microalgal species, and Begun (2004) , who studied spe cies composition and abundance of phy to plankton in 2001-2002 and recorded 119 taxa. In Amur Bay, 357 species from 8 orders were recorded in the course of a long-term research by Orlova et al. (2009) .
During the study period, two species causing water bloom in the coastal waters of Russky Island (Skeletonema japonicum and Pseudohaptolina sorokinii) were identified. Massive growth of Skeletonema japonicum was recorded in No vem ber (t water = 9°C, S = 33.5‰). According to the literature, at temperate latitudes species of the genus Skeletonema dominate in the plankton community mainly in winter, spring and summer (Borkman & Smayda 2009 , Degerlund & Eilertsen 2010 . Due to the difficulty in identification of Skeletonema cells at the species level with light microscopy, the quantitative data in Table 2 are given for a complex of species. In the coastal waters off Russky Island Skeletonema spp. occurred in the plankton throughout the year. The electron microscopic investigation of Skeletonema costatum, S. dohrnii, S. grethae, S. japonicum and S. marinoi indicated that morphology of the species from the study area, in general, corresponds with original descriptions .
A bloom of Pseudohaptolina sorokinii occured once, in March of 2013; its massive proliferation was observed when the sea ice of the study area started melting (t water = -1.2 --0.3°C, S = 13.8-32.5‰). Pseudohaptolina sorokinii, rather re-cent ly described from Amur Bay (Orlova et al. 2016) , was recorded in the World Ocean for the second time. The mecha nisms causing blooms of microalgae species, which are rare in any water area, are still understudied. Reliable records of cryptic phytoplankton taxa add to our knowledge of their distribution in the World Ocean.
At the same time, it should be noted that the abundance of the species occasionally blooming in adjacent Amur Bay, such as Chaetoceros contortus, C. socislis, C. pseudocrinitus, Dac ty lio solen fragilissimus, Nitzschia frigida, Pseudonitzschia calliantha, P. multistriata, P. pungens, P. pseudodelicatissima, Thalassionema nitzschioides, Thalassiosira nordenskioeldii, dinoflagellates Prorocentrum minimum, P. triestinum, euglena Eutreptia lanowii, did not exceed 5×10 5 cells/L in the study area. Data on species composition and quantitative cha racte ris tics of potentially toxic phytoplankton in the coastal wa ters of Russky Island are among the most important results of the study. Marine biotoxins from microalgae can ac cu mulate in the tissues of filter-feeding shellfish and do no harm to them. But consumption of shellfish that are con ta minated with toxins causes poisoning in endo therm animals, birds and humans (Hallegraeff et al. 2003) . A total of 33 species of potentially toxic microalgae are known from the northwestern Sea of Japan (Orlova 2013) , 28 species are recorded in Amur Bay, and our stu dy provides information on 20 species: Alexandrium insuetum, A. ostenfeldii, A. tamarense, Amphidinium operculatum, Dinophysis acuminata, D. acuta, D. fortii, D. infundibulum, D. rotundata, Gonyaulax spinifera, Lingulodinium polyedra, Prorocentrum forami no sum, P. minimum, Protoceratium reticulatum, Pseudonitzschia calliantha, P. fraudulenta, P. multistriata, P. pungens, P. pseudodelicatissima and P. seriata. Though the list contains an impressive number of potentially toxic microalgal species reported in the stu dy area, their abundance did not exceed the level safe for hu mans and marine organisms (Andersen 1996) .
The present list should be regarded as a preliminary one. At the same time it can serve as a starting point for further mo nitoring of phytoplankton in the study water area.
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